The three primary data sets for the Pioneer Venus orbiter radar experiment (topography, roughness, and reflectivity) contain important information about the geological and textural characteristics of the surface of Venus. We have subdivided the range of roughness and reflectivity values into three categories as follows: roughness, in degrees rms slope: relatively smooth (1ø-2.5ø), transitional from smooth to rough (2.5ø-5ø), and relatively rough (> 5ø); and Fresnel reflectivity: surfaces dominated by soil or porous material (<0.1), surfaces dominated by rock material (0.1-0.2), and surfaces with a significant percentage of anomalously high dielectric material (>0.2). We have analyzed each of these data sets and their relationships to each other in order to define areas of the surface that are characterized by distinctive properties (e.g., rough rocky surfaces, smooth soil surfaces). We then describe the abundance and areal distribution of such areas and locally calibrate the geological significance of some of the surface types by examining high-resolution images from spacecraft and earth-based observatories. We find that the majority of Venus is covered by regionally contiguous rock and bedrock surfaces. Many of the smooth surfaces we interpret to be of volcanic origin, most likely lava flows, while rougher surfaces are locally characterized by tectonic deformation of several types. Soil surfaces cover less than about 27% of the planet and are generally patchy in their distribution. On the basis of the distribution of these surfaces we see no evidence for the extensive preservation of an ancient global regolith or for widespread, topographically controlled erosion, lateral transport, and sedimentation. The small percentage of the surface of Venus characterized by high-dielectric material appears to originate from several processes including primary lava flows probably containing enrichments of high-dielectric materials, such as metal or metal oxides (e.g., Theia Mons in Beta Regio), and exposure of high-dielectric materials by tectonic deformation (e.g., Maxwell Montes in Ishtar Terra). These global data set correlations provide a fundamental framework for understanding the nature of the surface of Venus and will permit extrapolation of local and regional findings from future geochemical and imaging experiments to a global context.
INTRODUCTION
visions provide a general concept of the nature of the surface as follows: roughness expressed in degrees rms slope: lø-2.5 ø (relatively smooth), 2.5ø-5.0 ø (transitional, smooth to rough), and >5.0 ø (relatively rough); and Fresnel reflectivity: <0.1 (surfaces with a majority of porous material), 0.1-0.2 (surfaces with a majority of material comparable to terrestrial rock), and >0.2 (surfaces with a significant percentage of anomalously high-dielectric material). We then assess the degree of correspondence of the subdivisions of roughness and reflectivity with the physiographic/topographic provinces defined by Masursky et al. [1980] . Finally, we assess the degree of correspondence between the roughness and reflectivity subdivisions by mapping globally the distribution of combinations of the subdivisions of these two parameters (e.g., mapping the distribution of regions characterized by high values of both roughness and reflectivity). The relationship between radar roughness and reflectivity and the relationship of these two parameters to topography are of interest due to (1) possible variations in crustal structure and composition which may be revealed by variations in roughness and reflectivity and which may vary as a function of elevation, (2) geochemical processes that may be pressure-temperature dependent over the range of surface pressures (60 bars) and temperatures (100 K) 
METHOD
The three PV data sets used to produce the maps for this study include data collected and processed as of December 1982. Analyses were done utilizing the PV data mapped into a Mercator projection with a spatial resolution of løx 1 ø (equivalent to 105 km x 105 km at the equator and 53 km x 105 km at +60ø). The maps were produced using a 5 ø x 5 ø boxcar filter with uniformly weighted coefficients in order to fill in those 1 ø x 1 ø cells for which valid PV data were unavailable. Approximately 10% of the cells required filling. Surface areas were estimated from these Mercator maps by using a correction factor for latitude. Banding observed in these maps is due primarily to absent or invalid data associated with a specific PV spacecraft revolution (e.g., orbital ground tracks) and, to a lesser extent, with orbit-to-orbit variations. Geographic place names for Venus used for reference in the following discussion can be found on the U.S. Geological Survey (USGS) 1'50,000,000 maps [USGS, 1981 [USGS, , 1984 and in the works by Strobell and Masursky [1983] and Masursky et al. [1984] and are shown in Plate 1.
Global subdivision of topography into provinces has been previously proposed by Masursky 
where ao is the radar cross section per unit surface area at angles of incidence 0, Po is the Fresnel reflection coefficient at normal incidence angle, and C is the Hagfors parameter. In Hagfors' original model calculations [Haqfors, 1964] , the rms slope of the reflecting (specular) surface facets ())wavelength) was found to be equal to 180/7rC •/2 for low to moderate roughness (C))100 The majority of lowlands are moderate in reflectivity, suggesting a predominantly rock surface. Lower-reflectivity units dominate Lavinia Planitia and occur as distinctive patches in the otherwise intermediate-reflectivity Guinevere and Sedna planitiae. The most distinctive occurrences of high-reflectivity patches are in Atalanta Planitia. On the basis of these observations it is clear that there is a diversity of reflectivity units both within and between planitia (e.g., within Sedna and between Sedna and Atalanta planitiae).
Rolling plains are also mostly moderate in reflectivity, implying a predominance of surface materials with dielectric properties similar to terrestrial rocks. Low-reflectivity units tend to be adjacent to highland regions, such as Beta and Aphrodite Terra, but are not evenly distributed around the entire highland perimeters. Several regiones are also dominated by low reflectivity (Alpha, Tellus) as is Lada Terra, the rolling plains area at high southern latitudes. Chasmata, in general, appear to contain material with low reflectivity. Highreflectivity units are widely distributed but occur mostly in isolated small areas. A notable exception to this is the region west of Atalanta Planitia (the Nightingale-Earhart region of eastern Tethus Regio).
Highland regions generally show a pattern of highest reflectivity adjacent to mountainous terrain, with decreasing reflectivity away from these peaks. This pattern is well illustrated in the western and central highlands of Aphrodite and in northern Beta Regio. In eastern Ishtar Terra the pattern of reflec- In the southern high latitudes a vast region is dominated by the soil units. Topographically, this soil-rich terrain is associated with a broad elevated region (Lada Terra) within the rolling plains that extends to the southern edge of the Pioneer Venus coverage. Soil units are also common in some regions (Tellus, Alpha, eastern Ishtar) while uncommon in others (Beta Regio), suggesting possible differences in origin or surfaces of differing age.
The high-reflectivity units indicate the presence of a significant amount of high-dielectric material near the surface. On earth, common high-dielectric materials include liquid water, free metal, and certain minerals (for example, futile, magnetite, ilmenite, hematite, spinel, pyrite, pyrolusite). The geologic environments in which high-dielectric materials are found on earth are quite variable. Liquid water is ubiquitous, free metal is extremely rare, and high-dielectric minerals are common in igneous and metamorphic rocks in relatively low concentrations. For example, the highest concentration of TiO: in typical terrestrial lava flows is in the 2-3 wt % range and occurs in continental rift zones [Carmichael, 1982] . Although direct measurements have not been made, these concentrations are likely to be in the radar reflectivity range of intermediate, rather than high, values. Concentrations of iron and titanium oxides in lunar lava flows are often considerably higher (10-12%). Olhoeft and Strangway [1975] have shown that Apollo 11 high-titanium basalts have dielectric constants in the range of 10-12, which would produce radar reflectivity values of 0.25-0.30, within the high-reflectivity unit mapped in this study. Therefore high concentration of these highdielectric minerals occurring in primary volcanic rocks is a possible geologic environment for high-reflectivity units on Venus. It is recognized that many of these minerals may change their dielectric properties with increased temperature and pressure [Parkhomenko, 1967] . Detailed data on mineral stability and dielectric properties under Venusian conditions are required before specific candidates can be identified. Erosion and tectonic activity could expose subsurface high- [1982] proposed that the regions of high reflectivity on Venus are rocks containing a significant amount of conducting materials as inclusions, favoring FeS2 (pyrite) as the inclusion. They suggest that pyrite may be widespread in original crustal rock, but that it lies in radar view only at higher elevations where new surfaces are constantly being exposed by mechanisms of 2. Porous and unconsolidated fine materials (soil) cover less than about 27% of the surface of Venus. The soil surfaces are generally patchy in their distribution, are not preferentially located around major volcanic complexes, are to some degree localized along the flanking slopes of the highlands, and do not preferentially occur in the lowlands. We interpret this to mean that major contributions to soil formation are not impact-produced regolith or extensive pyroelastic mantles but rather local weathering and small amounts of lateral transport. If the formation of soil is related to age of surfaces, then soil-rich areas such as Lada Terra, at southern high latitudes, may be relatively old.
3. A small portion of the surface of Venus is characterized by materials with a significant amount of high-dielectric material near the surface. Although occurring predominantly at high altitudes, these surfaces do not appear to be solely related to temperature/pressure-dependent chemical reactions because of their distribution at other elevations. We investigate several hypotheses for the origin of these materials and interpret some occurrences (e.g, Theia Mons in Beta Regio) to represent primary volcanic rocks enriched in such components as metals or metallic oxides, and others (Maxwell Montes in Ishtar Terra) to represent high-dielectric material exposed by tectonic deformation. A major difficulty in interpreting the origin of the components producing the high dielectric signatures is the lack of laboratory measurements for a wide range of geological materials at these wavelengths for Venus conditions. These data are absolute essential for a more thorough understanding of the primary and secondary geological processes operating to form and modify the surface of Venus.
